ABSTRACT. A FORTRAN program has been written which inputs amphibole analyses, and outputs complete IMA-approved names, along with tabulated analyses, formula units, and IMA classification parameters. Several important corrections, additions, and amendments to the IMA scheme were found to be necessary. Two newly approved names have been incorporated--sadanagaite (ferro-pargasitic amphibole with Si < 5.5), and nyboite (alkali amphibole with (Na+K)A >_-0.5, Fe3~< AI vl, Si < 7.5). The name anophorite (alkali amphibole with (Na+K)A/> 0.5, Fe 3 > AI vl, Si < 7.5) has been reinstated to complement nyboite, with the approval of the Amphibole Subcommittee of the IMA. Results of computer processing of several hundred analyses, which together cover the range of IMA-approved names, are summarized. These indicate substantial differences between IMA and previous nomenclature. The IMA-favoured procedure for reallocating total Fe in microprobe data is quite effective, except in kaersutites. Over half the analyses processed have anomalously high cations (e.g. Ca > 2), or cation totals (e.g. T + C + B > 15), commonly reflecting low H20 determinations. These prevent strict obeyance of the IMA site occupancy calculation rules. This problem can often be overcome by recalculation free of H20, but other cases require modifications to the IMA rules. In particular, 'misclassification' of certain sodic-calcic amphiboles as edenite follows from transferring large excesses of C cations to the B site.
1962. The actual FORTRAN program (and details of how to run it), will be published elsewhere, but can be obtained interim from the authors, together with complete results on all amphiboles processed to date (Rock and Leake, 1983) . Results of the reclassification of these analyses are summarized in Table I .
Additions, corrections, and amendments to the IMA (1978) report

Additions and corrections to nomenclature
1.1.1. In the report, the division between edenites and silicic edenites is (erroneously) placed at Si = 7.5 in figs. 3B and 3C, but (correctly) at 7.25 in the text (e.g.p. 543). The latter is followed here (fig. la).
1.1.2. The recommendations are inconsistent concerning the use of the prefix 'sodium' in orthorhombic amphiboles; the correct recommendations are given on p. 538 and 540. Resolution 5.1, p. 549, should read 'The prefix sodium is to be used within the orthorhombic amphibole group for anthophyllites with Na ~> 0.50 and gedrites with Na >/0.75 in the standard formula'. . 'Subsilicic kaersutite' is preferred here to 'titanian sadanagaite' for calcic amphiboles with Ti > 0.5, Si < 5.5 because (i) 'titanian sadanagaite' is not a logical extension of kaersutite to lower Si contents, since 'titanian' implies Ti > 0.25, not Ti > 0.50; (ii) kaersutite has been almost universally used for Ti-rich calcic amphiboles, richness in Ti being regarded as more important than deficiency in Si; (if) the least disturbance to existing names results; for example, eighty-eight amphiboles almost all described as 'kaersutites' from alkaline lamprophyres (Rock, 1982) range in Si from 5.3-6.2, with five having Si < 5.5; as this is the archetypal petrological occurrence of'kaersutite', it seems better to retain these five as subsilicic kaersutite, not titanian sadanagaite; (iv) two of the analysed amphiboles from the sadanagaite type-locality have Si > 5.5 (Table VIII, nos. 4 and 5); they are still not 'sadanagaite' even if 'titanian sadanagaite' is favoured to subsilicic kaersutite.
Low-Si analogues of hastingsites might be termed 'ferri-sadanagaites', but until such compositions have been discovered and the name approved, we refrain from using this name.
Note the correction in this figure to the boundary between edenite and silicic edenite (see section 1.1.1 for explanation).
(b) Nyboite and anophorite (addition to fig. 5 of IMA scheme). Anophorite, though formally abandoned by IMA (1978) , is here reinstated with IMA approval in preference to 'ferri-nyboite', as the name has priority, the original amphibole (Freudenberg, 1910) has the correct composition [approx. K0.35Nao.77Cao.sNat.5(Fe~f~4Mg2.ssMno.o5 Tio.6Feo3~4A14.ssSiT.37AloV!34023.s(OH)z.5 ], and because 'ferri-' is at present defined to mean Fe a+ > 1.0 in all amphiboles, but would signify Fe 3 + > AI w in 'ferri-nyboite', 1.1.3. The prefix 'alumino-' is defined for anthophyllites (resolution 5.2), but not for cummingtonites. For completeness, the same limit (A1 vt > 0.5) is used here for both.
1.1.4. Under formal resolutions 7.7 and 7.8, tirodite should be Mg/(Mg+Fe2+)>~0.50 and dannemorite < 0.50, and not the reverse, in conformity with resolutions 6.5 and 6.6.
1.1.5. The calcic amphibole Sadanagaite (Na,K)Ca2(Fe...)sSisAI3022(OH)2, and the alkali amphibole Nyboite, Na3(Mg...)3A13SiTO22(OH)2 have been approved since the recommendations were formulated (Shimazaki et al., 1982; Ungaretti et al., 1981) . Sadanagaite has been incorporated into the present program as an extension of the edenite-pargasite amphiboles ( fig. la) . Nyboite, however, cannot be incorporated as an extension of the existing alkali amphibole divisions, as it alone has Si << 8; an additional series of divisions (fig. lb) has therefore been incorporated here. Both these extensions of the IMA scheme are believed to take full account of the reported compositions of sadanagaites and nyboites (see Table VIII ), and also of any uncertainties in these compositions. In formal terms the new names should be used for amphiboles chemically defined with respect to the standard formula as shown below.
1.1.6. The inclusion ofnyboite means that fig. 5A of the IMA scheme now applies only where Si/> 7.5; this additional condition must also be added to resolutions 19.6-19.9. Logically, a similar restriction of Si t> 7.5 ought to apply to the use of glaucophane, crossite and riebeckite ( fig. 5B ; where (Na + K)A < 0.50). Until one of these amphiboles with Si "-~ 7.0 has been confirmed, however, we are reluctant to propose new names merely to ensure nomenclatural consistency. Instead we propose that the prefix silica-poor be used to indicate Si < 7.5 with glaucophanes, crossites, or riebeckites, as this will be more readily recognized (see Table VI (Table IX, nos. 1-2) . The low limits for these two prefixes (cf. 0.08 for 'plumbian', which corresponds not to 1.1 ~ PbO as stated on p. 535, but to 2.1 ~), reflect the generally low levels and high molecular weights of the two oxides.
1.1.9. The type Mn-rich alkali amphibole Kozulite (Nambu et al., 1969) has an Fe 3 § 3 § + AI vI) ratio of 0.518, uncomfortably close to the lower limit of 0.5 incorporated in its definition (resolution 19.10). Furthermore, as the type analysis quotes only Fe203, this should strictly be treated as total Fe and reallocated as favoured by IMA (p. 535), to bring the sum of T+ C cations to 13. The ratio Fe3 +/(Fe 3+ +A1 vl) of the type kozulite then falls below 0.5, and is therefore no longer kozulite! In Table VIII , no. 8, total Fe has not been reallocated, to preserve the type amphibole as such, but we suggest 'alumino-kozulite' should be used where Fe3+/(Fe 3+ +A1 vI) < 0.50. (IMA 1978, p. 534) 1.2.1. The calculation specifies only how Cr and Mn are to be treated, among the minor elements. The present program assumes that minor elements presented to it are actually held in the amphibole structure, rather than in inclusions, dislocations, etc. In the site occupancy calculation, Ni and Li are added to Mg, Ba to K, Sr to Ca, and Zn to Mn, so that (Na + K)a then represents (Na + K + Ba)a and (Ca + Na)a NaB (Na+K)A Si, Ti < 5.50 < 0.50 > 0.50 ~< 0.50 6.5 ~< Si < 7.5 /> 0.50 ~< 0.50 6.5 ~< Si < 7.5 < 0.50 ~< 0.50 6.5 ~< Si < 7.5 /> 0.50 > 0.50 6.5 ~< Si < 7.5 < 0.50 > 0.50 so on. [This was done to allow for possible borderline cases where, say, (Ca+Na)a < 1.34 < (Ca+Na+Sr)B, or (Na+K)a < 0.5 < (Na+K+ Ba)a, so that inclusion of the minor elements would result in a quite different name.] 1.2.2. To obey the basic IMA site occupancy calculation rules, a recalculated amphibole analysis must have 8 < $1 < 13, $2 >/13, $3 < 15, $4 < 16, Si ~< 8.0, Ca ~< 2.0, K ~< 1.0, and so on (see note 1 at end of text for explanation of S symbols). Numerous published analyses processed in the present study violate these conditions. They may have excesses of cations required to fill the T+C ($1 > 13), T+C+B (S 3>15), or T+C+B+A ($4>16) sites, excesses of individual cations (especially Si and Ca), or deficiencies of T cations (Table I) . In many cases, high cation totals can be traced directly to low H20 determinations, and can be dealt with optionally by recalculating to 23 oxygens (see section 2.3). In others, where H20 is not determined, or appears unexceptionable, some adjustments to the site occupancy rules must be made. Those repeatedly found to be necessary, and therefore automatically made by the present program, are as follows:
Amendments to the recommended calculation of site occupancies
--if $1 < 8 (e.g. Table II , no. 1; Table IV, no. 1), C cations are not assigned to the T site to fill it; --if $3 > 15 (common), any excess is ignored and not carried over into the A site (e.g. Table IV , no. 4); this can affect the name, if (Na + K)a is close to 0.5; --if $4 > 16 (fairly common), sufficient Naa is transferred back to NaB to make (Na + K)A = 1.0 wherever possible; (Ca + Na)B will then exceed 2.0 (e.g. Table IX , nos. 1 and 2) all Ca, Na are assumed to be on the B site; (Na+K)a then exceeds 1.0, and (Ca +Na)~ may exceed 2.0, but again the name is unaffected; --if (Ca+Na+K) > 3.0 but Ca < 2, K < 1 (e.g. Table V , Barkevikites nos. 1 and 3), (Na + K)A is set to 1.0 and (Ca+Na)R > 2; again, the name is unaffected.
The above conditions $3 > 15 or $4 > 16 often arise where there is a large excess of C cations over 5 (i.e. $2 >> 13). Sums Sa, and $4 are then used merely as a device for deciding, reasonably objectively, how 'large' a 'large excess' is allowed to be before adjustments are made. This is discussed further in section 4, together with examples of the effects of the other above-mentioned procedures.
Options suggested to help interpret amphibole analyses
The following options lie outwith the formal IMA recommendations, but have been found useful (sometimes essential) in the interpretation of amphibole analyses. They have, therefore, been incorporated in the program, and are suggested for general adoption.
2.t. Optional treatment of CO 2 and P205. These oxides can be treated as impurities in the amphibole analysis, and removed as CaCO3 and Cas(PO4)3 (F,CI), e.g. Table IV . When forming apatite, F is used in preference to C1. If either or both together are insufficient to combine with the quoted P205, they are both set to zero and hence not assigned to the amphibole formula at all. If this option is over-ridden (i.e. apatite and calcite not removed as impurities), P20 5 and CO2 are ignored altogether (e.g. Tables II and VI) (Kemp and Leake, 1975; Jan and Howie, 1982) . 2.4. Optional treatment of total Fe. If both Fe20 3 and FeO are quoted, the program treats these as any other oxide. Where either Fe20 3 or FeO is zero, the program can be set to assume automatically that the other Fe oxide represents total Fe. The procedure then adopted in reallocating total Fe between Fe 2 + and Fe 3 § is an adaptation of that favoured on p. 535 of IMA (1978): i.e. adjustment of S 2 to 13 cations. The program first checks that total Fe is sufficiently high to warrant an attempt at reallocation--(in Mg end-members such as Table IV , no. 1, only one Fe oxide is quoted because both Fe oxides are too low to analyse separately). A lower limit of total Fe = 0.2 cations is therefore set, below which no attempt to reaUocate is made. Two sets of analyses are then automatically separated, and adjusted differently as follows: (1) (Ca + Na) < 1.34; here, S 3 is adjusted to 15 [so that Na B = 0 and (Na+K)a = (Na+K)].
This set corresponds approximately to the Fe-Mg-Mn amphiboles, for which the IMAfavoured procedure of setting $2 to 13 is clearly inapplicable; (2) (Ca + Na) > 1.34; here, the IMA procedure is followed ($2 is adjusted to 13). In most amphiboles, (Ca+Na)g will then automatically = 2.0. This set corresponds approximately to the remaining three amphibole groups.
These sets follow the two options which Robinson et al. (1982, pp. 8-9, paragraphs (ii) and (iv)) seem to consider of most general validity. They do not exactly correspond to the defined amphibole groups since, of course, (Ca+Na)a cannot be calculated before Fe redistribution. (Ca+Na) is, however, a close enough approximation to (Ca + Na)B, given the intrinsic imprecision of any procedure for reallocating total Fe. This option can again be over-ridden for a whole batch of analyses, should it be desired to leave total Fe as in all the original analyses. If it is desired to retain 'zero' FeO or Fe203 for a single analysis within a batch, where it is otherwise desired to reallocate total Fe, this can be easily simulated by setting the 'zero' oxide to 0.01% for this one analysis (see Table VIII , no. 8).
Output format
Most of the printout format in Tables II-IX is self-explanatory, but the following explanations may be helpful: --the row labelled 'CHECK ON OXYGEN EQUI-VALENCE OF CATIONS' confirms the correct operation of the program; it is the sum [Si x 2 + A1 x 1.5 +... + Pb x 1], and has invariably summed to within 0.02 of the number of oxygens set under 'cations per formula unit'; --the IMA classification parameters are flagged as "CANA' = (Ca + Na)B, 'NAB' = Nap, 'NAKA" = (Na + K)a, 'ALVI' = AI vl, 'MGFE' = Mg/(Mg + Fe 2 +); as the parameter Fe a § 3* + A1 vl) is only required for alkali amphiboles, it is listed individually for any of these in particular tables (see Tables VI and VIII) ; --the series of 'GENERAL NOTES' at the bottom of each analysis table indicates which of the various options (section 2) have been chosen; the number of analyses in the table with H = 0, 0.0 < (F,CI) < 1.0 is also indicated here (see Table IX ); --the individual IMA names are printed on the page following each table of analyses; series of information or warning messages are automatically printed, for example with analyses requiring recalculation to 23 oxygens, analyses with high but uncorrectable cation totals, and analyses where total Fe cannot be allocated to Fe 3 § plus Fe z+ for any reason; examples of many of these self-explanatory messages are included in Tables II-IX; --with the Fe-Mg-Mn amphiboles, there are two possible names, for the orthorhombic and monoclinic forms; rather than requiring the crystal symmetry to be input, the program automatically outputs both possibilities for manual selection (Tables II and III) ; compositions within the dannemorite and tirodite definitions, however, are assumed to be monoclinic (Table VIII, nos. 9-10).
Results of reclassification of published amphibole analyses
Initially as a check on the operation of the program, and later as an investigation of the effects of the new IMA nomenclature on names previously applied, the 200 amphibole analyses quoted by Deer et al. (1962) were run through the program.
Analyses will be referred to hereafter by their tables and numbers, e.g. 42/3. A further data-set (from Rock, 1982) of 130 amphiboles from the various types of lamprophyres (minettes, vogesites, spessartires, lamproites, camptonites, monchiquites, alnoites, etc.) was also processed. This includes many microprobe analyses and is also rather more homogeneous--eighty-eight of the 130 analyses are 'kaersutites' from camptonites and monchiquites. It thus complements the Deer et al. data-set. Many analyses of amphiboles not included in either data-set were also processed (e.g. the type sadanagaites, nyboites, tirodites and kozulites, and new analyses submitted by colleagues). The results, totalling over 500 amphiboles, are believed to confirm that the program correctly identifies all the fundamental amphibole types and prefixes (though clearly, not every possible combination of fundamental names and prefixes can, or need be, individually tested). Only representative printouts are reproduced in this paper, for reasons of space, but the complete results can be obtained from the first author. Tables II to IX were executed using various combinations of the available options (section 2). Frequency of usage of different prefixes. As might be expected, amphiboles nearest end-member compositions in both main data-sets require fewest prefixes. By contrast, prefixes are required for most of the hastingsites (nearly all are 'potassian' or 'titanian') and kaersutites (nearly all 'potassian'). Edenites require the maximum number of prefixes (5) in both data-sets (see note 2), but three are not uncommonly necessary for other amphiboles. Some prefixes are required very frequently (e.g. potassian, sodian, titanian) whereas others (mainly those for minor elements) are not called for by either data-set. Again, however, it is unnecessary to put precise figures on the frequency of usage of each individual prefix.
4.3. Effects of removal of PzO 5 and C02. Levels ofP20 5 and CO2 are low in nearly all the analyses processed, only once (in a minette amphibole) exceeding 0.5 ~. Removal of neither oxide consequently affects any of the names. The potential usefulness of the options for P205 and CO/ is however indicated by Deer et al. analyses 35/3 and 48/2. The latter is quoted already recalculated to 100 ~ free of apatite impurities, but if the apatite is re-added and P20s then ignored (thus raising CaO), a different name results. The former (Table  III, no. 3) has CaO < 0 if CO 2 is removed as calcite, suggesting another carbonate is present, or the amphibole is impure, altered, or poorly analysed. Only the rare composition prevents the name from being affected by removal of the CO z.
Results of optional correction procedure for high cations and low water (section 2.3).
The importance of this option is clearly indicated by the high percentages, first, of total analyses for which it is initiated (40~); secondly, of names which are significantly different with and without recalculation (30~); and thirdly, of high cation analyses which 'improve' by recalculation (75~--see Table Ia ). Not unexpectedly, the twenty analyses for which S 3 cannot be brought below 15 are confined to the Fe-Mg-Mn and calcic amphibole groups; the sodic-calcic and alkali amphiboles all have S 3 < 15 initially. Most of the name differences are relatively minor, but one 'magnesio-arfvedsonite' (55/8) becomes 'magnesio-katophorite' after recalculation to 23 oxygens.
The use of this option also reveals a problem with the basic IMA site occupancy rules. This concerns a range of amphiboles with Ca ~ Na which, though logically sodic-calcic, are classified as calcic because they have large excesses of C cations (Sz >> 13), severely limiting the Na which can be allocated to the B site on the existing rules (p. 534). One such amphibole is included in Table IX Mn, Mg from (4) ." This is equivalent to defining the Fe-Mg-Mn amphibole group in terms of total (Ca + Na) instead of (Ca + Na) 8. We have, however, deferred this rather major departure from the IMA rules pending further agreement, as it may affect very many amphibole calculations. The present option provides an interim measure allowing the approach recommended by Robinson et al. (1982) to be followed--namely, of trying several calculations and intuitively choosing the most reasonable name. It does not solve the problem (which lies within the existing IMA rules), but at least allows it to be identified in specific cases. Meanwhile we suggest that all amphiboles classified as 'edenites' with > 3 prefixes should be carefully checked to ensure they are not better named as sodic-calcic amphiboles. Manual correction outside the existing IMA rules may be necessary in such cases.
4.5. Results of amendments to IMA site occupancy calculation (section 1.2.2) . These non-optional amendments, which mould high cation analyses to the IMA site occupancy rules where recalculation is impossible, were also triggered for a substantial proportion (19 ~o) of analyses processed (Table Ib) . Differences between the actual names with and without these amendments were not, however, investigated; the names resulting without them are based on invalid site occupancy calculations, and are therefore, strictly, incorrect.
Results of the total Fe allocation procedure (section 2.4).
Most of the few analyses in the Deer et al. data-set which quote only one Fe oxide are near Mg end-members (where both Fe oxides were presumably too low to analyse separately). The program automatically eschews reallocation of total Fe in such cases, so this data-set provides little (Table Ic) . As these analyses come from many different sources, low cation totals may be an intrinsic feature of lamprophyre kaersutites. They do not, therefore, invalidate the Fe reallocation procedure, although they restrict its effectiveness to below 49 ~ here. For other lamprophyre amphiboles, the procedure~had a success rate of about 80~o, and almost half (9) of nineteen amphiboles from minettes and spessartites have a different name before and after reallocation. A curious problem occasionally arises with probe analyses of alkali amphiboles, where total Fe is quoted as FeO, but the Fe reallocation procedure fails. If A1 w also happens to be zero, the parameter Fea+/(Fe 3+ +A1 vl) is then undefined, and the amphibole cannot be assigned more precisely than to figs. 5A or 5B of the IMA (1978) scheme. The possibility must be recognized in computer programming, to avoid exponent overflow.
Summary of conclusions and recommendations
Results of the computer processing of over 500 amphibole analyses, including 200 from Deer et al. (1962) and 130 from lamprophyres, suggest the following conclusions and recommendations:
1. Names resulting from the IMA (1978) scheme often differ from those in previous literature, especially for previously described 'alkali amphiboles', because of the newly introduced sodic-calcic amphibole group.
2. Amphiboles previously termed 'barkevikite' and 'basaltic hornblende' emerge as heretogeneous mixtures of different IMA amphibole groups, supporting the recommendation to abandon these names.
3. The IMA-favoured procedure for reallocation of total Fe in probe data between Fe 2+ and Fe 3 § --namely, adjustment of the sum [Si + Ti + Cr+AI+Fe+Mg+Mn] to 13--was effective for some 80 % of calcic, sodic-calcic, and alkali amphiboles processed, except kaersutites. For kaersutites, it was under 40 % effective, due to persistent T + C cation totals below 13, with total Fe quoted as FeO. For Fe-Mg-Mn amphiboles, the IMA-favoured procedure is entirely inapplicable, and the sum [Si + Ti + Cr + A1 + Fe + Mn + Mg + Ca] is recommended to be brought instead to 15. Names were significantly different with and without reallocation of total Fe, for some 25 % of probe analyses processed.
4. With a few probe analyses of alkali amphiboles the parameter Fe3+/(Fe3++AI vl) is undefined, because AI vl is zero and Fe 3 + cannot be estimated from total Fe. 5. A lower limit of total Fe content should be placed on attempts to reallocate Fe, since most procedures fail for amphiboles near Mg endmembers.
6. Low cation totals were rare in amphiboles processed, but seven analyses had insufficient cations to fill the T site.
7. By contrast with 6, over half the analyses had at least one anomalously high individual cation value (e.g. Si > 8, Ca > 2, K > 1), or high cation total (e.g. [Ca+Na+K] > 3; sum of [T+C+B] cations > 15; A cations > 1). These high cations commonly resulted from low H20 determinations, and could be overcome in about 75 % of such cases by recalculation to 23 oxygens, with 2(OH) assumed. Some 30 % of recalculated analyses had significantly different names before and after this recalculation.
8. In the remaining 25 % of high-cation analyses (13% of all analyses), high cations could not be overcome, and compensation procedures were essential to allow better satisfaction of the IMA site occupancy calculation rules. For example, excesses of T + C + B cations over 15 had to be ignored, and excesses of A cations over 1 transferred back to Nan.
9. The IMA rules may need reappraisal in the case of sodic-calcic amphiboles which have Ca Na but also large excesses of C cations over 5. If such excesses are transferred to the B site, these amphiboles are commonly classified as edenites, with multiple prefixes. There is a strong case here for ignoring most or all excesses of C cations over 5. The recalculation procedure (see 7) often allows the problem to be identified in individual cases.
10. Amphibole names are rarely affected by the difference between ignoring CO2 and P205, and removing them as calcite and apatite. Nevertheless, both options should be tried for borderline cases and impure analyses.
11. Microprobe analyses with minor F or CI but no H20 should be calculated initially to 23 oxygens. Where (F + C1) then approaches 2, recalculation to 2410,OH,F,CI] is probably justified.
12. Readers' attention is drawn to the various additions, corrections, and amendments to the IMA (1978) report, which are fully detailed in section 1 of this paper. These are the correction of fig. 3 of the IMA report (1.1.1); the use of'sodium' in orthorhombic amphiboles (1.1.2) ; the use of 'alumino-' for cummingtonites (1. 
